Background and Purpose-Previous studies have identified an array of morbidities following traumatic brain injury (TBI), including certain neurological disorders. However, no direct evidence has been reported on the link between TBI and stroke. This population-based study was designed to estimate the risk of stroke during a period of 5 years following a TBI, compared with individuals who did not suffer TBI during the same period. 
T raumatic brain injuries (TBI) are major causes of morbidity and mortality in both developing and developed countries. 1, 2 Incidence rates of 235, 103, 344, and 160 per 100 000 people have been reported in Europe, 1 the United States, [3] [4] [5] Taiwan, 6 and India, 7 respectively. In the United States, a national estimate indicated that approximately 1893 in 100 000 people sustain a TBI with residual disability, impairment, or handicap as a result. 4 This is almost certainly an underestimate of the true burden of TBI. 8 TBI has been described as a silent epidemic, because the problems or impairment following TBI may be invisible. 9 Previous studies found convincing evidence that people who survive a TBI may have consequences with persistent effects, including changes in employment, physical complaints, memory problems, neuropsychological difficulties, and family disruption. 1 Masel and DeWitt have proposed that TBI may initiate an ongoing, possibly lifelong, process that affects multiple organ systems and may cause or accelerate the progression of diseases. 10 Chronic diseases that may be attributed to previous TBI in the literature include epilepsy, 11 gradual decline in cognitive function, 12 Alzheimer's disease, 13 Parkinson's disease, 14 hypopituitarism, 15 metabolic dysfunction, 16 and psychiatric diseases (eg, obsessive-compulsive disorder, anxiety disorder, psychotic disorders, and mood disorders). 17 Furthermore, any damage to the brain usually causes impairment to the vascular system, which supplies blood and nutrients to the cells of the brain. A stroke, resulting from disturbance in the blood supply to the brain, is a cerebrovascular event involving loss of brain functions. It is thus rational to speculate that cerebrovascular damage in the head caused by a TBI may further trigger the occurrence of stroke, either through bleeding from the artery (hemorrhagic stroke) or through the development of a clot at the locus of injury that blocks blood flow to the brain (ischemic stroke). 18 Nevertheless, no direct evidence at all, to the best of our knowledge, has been reported regarding a link between TBI and stroke.
This nationwide, population-based study was designed to estimate the risk of stroke during a 5-year follow-up period after an ambulatory care visit or hospitalization for TBI, compared with individuals who did not suffer TBI during the same period. Effects were documented and analyzed from relatively short-term (3 months) to long-term (5 years).
Methods

Database
This study used data obtained from the Longitudinal Health Insurance Database 2000 (LHID 2000), which is released annually by the Taiwan National Health Research Institute, and is provided to scientists in Taiwan for research purposes. The LHID 2000 includes all the original claims data for 1 000 000 individuals randomly sampled from the year 2000 Registry of Beneficiaries (nϭ23.72 million) under the National Health Insurance (NHI) program. The Taiwan National Health Research Institute reports that there is no significant difference in the sex distribution between the beneficiaries selected for the LHID 2000 and all beneficiaries of the NHI program. The completeness and accuracy of the claims data of NHI research database were appropriately monitored and maintained by Taiwan's NHI Bureau, and more than 300 studies based on these data have been published in peer-reviewed journals. 19, 20 The LHID 2000 consists of de-identified secondary data released to the public for research purposes. After consulting the director of the Institutional Review Board of Taipei Medical University, this study was exempted from full review.
Study Sample
This study was a prospective case-control study. We first selected patients who had visited ambulatory care centers (including outpatient departments of hospitals or clinics) or had been hospitalized with a principal diagnosis of TBI (ICD-9-CM codes 801-804 or 850 -854) between January 1, 2001 and December 31, 2003 (nϭ31 982). Patients' first ambulatory care visits or hospitalizations for the treatment of TBI between 2001 and 2003 were assigned as the index use of health care services. We excluded patients younger than age 18 years old (nϭ7 333) in order to address only the adult population. In addition, we excluded patients who had a diagnosis of acute stroke simultaneously during that admission (nϭ79), since TBI may mimic a first stroke in clinical practice, and vice versa. Patients who had been diagnosed with stroke (ICD-9-CM codes 430 -437) before their index use of health care services were likewise excluded (nϭ1371). Because the Taiwan NHI program began in 1995, the LHID 2000 only allows us to trace use of medical services as far back as 1996, thus we could not rule out patients who had a diagnosis of stroke before 1996. The resulting study cohort included 23 199 TBI patients.
The comparison cohort was extracted from the remaining beneficiaries in the LHID 2000. All beneficiaries who had previously visited ambulatory care centers or been hospitalized with a diagnosis of TBI between 1996 and 2008 were excluded. Patients who were younger than age 18 years old were also excluded. We then randomly selected 69 834 beneficiaries (3 for every patient with TBI) matched with the study group in terms of sex, age (Ͻ30, 30 -39, 40 -49, 50 -59, 60 -69, and Ͼ69), and the year of index use of health care services using the SAS program Proc SurveySelect (SAS System for Windows, Version 8.2). We assigned the first ambulatory care visit occurring in the year of index health care use as their index health care use. We likewise ensured that patients selected for the comparison cohort did not have any diagnosis of stroke before their index use of health care services. Ultimately, 92 796 patients were included in this study. Each patient in this study was individually traced for 5 years from their index use of health care to distinguish patients who subsequently suffered acute stroke (ICD-9-CM codes 430 -437). In Taiwan, all medical facilities capable of admitting stroke patients are equipped with computed tomography or magnetic resonance imaging scanners, which considerably increases the validity of stroke diagnosis.
Statistical Analysis
We used the SAS statistical package (SAS System for Windows, Version 8.2) to perform statistical analyses on all of the data in this study. The primary end point of this study was to find whether a patient had used ambulatory care or emergency medical services, or had undergone hospitalization for any type of acute stroke (ICD-9-CM codes 430 -437). The 3-month, 1-year, or 5-year strokefree survival rates were subsequently estimated by the Kaplan-Meier method, with the log rank test also being used to examine differences in stroke-free survival rates between cohorts. Stratified Cox proportional hazard regressions (stratified by sex, age group, and year of index health care use) were performed to compare the 3-month, 1-year, or 5-year stroke-free survival rates between 2 cohorts, after adjusting for monthly income, geographic region (Northern, Central, Eastern, and Southern Taiwan), and select comorbidities (hypertension, diabetes, coronary heart disease, heart failure, atrial fibrillation, and hyperlipidemia). Comorbidities were only counted if the condition either occurred in an inpatient setting or appeared in 2 or more ambulatory care claims coded 6 months before and after index use of health care services. We further analyzed stroke-free survival rates between cohorts by stroke and TBI subtype. The stroke subtypes are subarachnoid hemorrhage (ICD-9-CM code 430), intracerebral hemorrhage (ICD-9-CM code 431), ischemic stroke (ICD-9-CM codes 433, 434, and 435) and unspecified strokes (ICD-9-CM codes 436 and 437). We also analyzed TBI subtypes: TBI with skull bone fracture (ICD-9-CM codes 801-804) and TBI without skull bone fracture (ICD-9-CM codes 850 -854).
We also censored patients who died of nonstroke causes during the 3-month, 1-year, or 5-year follow-up period (7 436 patients died over a 5-year follow-up period, including 2226 TBI patients [9.6% of TBI patients] and 5210 comparison patients [7.5% of comparison patients]). A 2-sided probability value of Ͻ0.05 was considered statistically significant for this study. Table 1 presents the distribution of demographic characteristics and comorbidities among sampled patients. Of the total of 92 796 patients, the mean age was 41.6 years (SDϭ18.4 years), and 53.6% were men. After matching for age and sex, patients with TBI were more likely to have hypertension (PϽ0.001), diabetes (PϽ0.001), coronary heart disease (PϽ0.001), atrial fibrillation (Pϭ0.001), and heart failure (PϽ0.001) than were patients in the comparison cohort. No significant difference in hyperlipidemia (Pϭ0.770) between patients with TBI and the comparison patients was found. Table 2 displays the percentage of strokes during the 3-month, 1-year, or 5-year follow-up period after index health care use among patients with and without TBI. As compared with patients in the comparison cohort, patients with TBI had significantly higher stroke rates within the 3-month (2.91% versus 0.30%), 1-year (4.17% versus 0.96%), and 5-year (8.20% versus 3.89%) periods after index use of health care services. The log rank test suggests that patients with TBI had significantly lower 3-month, 1-year, or 5-year stroke-free survival rates compared with patients in the comparison cohort (all PϽ0.001). The Kaplan-Meier curves for strokes in patients stratified by TBI are presented in Figure. In addition, the result suggests that the average time between index use of health care services and onset of stroke was 717 days (SDϭ565 days) for patients who had stroke during the follow-up period (543 days and 838 days for patients with TBI and comparison patients, respectively; PϽ0.001). , respectively, compared with non-TBI patients; this was calculated after censoring cases who died of causes unrelated to stroke during the follow-up period, and after adjusting for monthly income, patient geographic location, hypertension, diabetes, coronary heart disease, heart failure, atrial fibrillation, and hyperlipidemia. Table 4 further shows the analysis of HR of stroke between the 2 cohorts by stroke subtype. It consistently shows that compared with non-TBI patients, patients with TBI were more likely to experience all subtypes of stroke during the 5-year follow-up period after index health care use. It is noteworthy that the adjusted HR for intracerebral hemorrhage for patients with TBI was 6.33 times as high within the 5-year period as for patients who had not experienced TBI.
Results
Discussion
To the best of our knowledge, this is the first study to demonstrate that TBI is a potential risk factor for subsequent stroke. During a 5-year follow-up, 8.2% of TBI patients experienced stroke (1 901 patients), whereas 3.89% of non-TBI patients (2 710 patients) in the comparison cohort had strokes. After adjusting for sociodemographic characteristics, region of residence, and selected comorbidities, a diagnosis of TBI was independently associated with a 10.21-, 4.61-, and 2.32-fold increased risk of subsequent stroke during 3 months, 1 year, and 5 years of follow-up, respectively. In terms of TBI subtypes, the risk of stroke among patients with skull fracture was more pronounced than among patients without skull fracture, both compared with those in the comparison cohort. In addition, the risk of subarachnoid hemorrhage and intracerebral hemorrhage increased more considerably in patients with TBI, compared with individuals unaffected by TBI.
TBI may contribute to subsequent conditions that cause or accelerate disease. 10 Patients with TBI and their families may have to cope with TBI-induced disability, an ongoing and progressing medical condition that occurs months or even years following TBI. Previous studies have identified an array of post-traumatic morbidities, including epilepsy, 21 neurological disorders, 11 neurodegenerative diseases, 12 neuroendocrine disorders, 15 psychiatric diseases, 17 and other nonneurological disorders of sexual dysfunction 22 and metabolic dysfunction. 23 Disturbed sleep 24 and increased incidence of obstructive sleep apnea 25 have also been found in TBI patients. Stroke is the most serious and disabling neurological disorder worldwide. Our study leads the way in identifying stroke as an additional neurological problem that may arise following TBI.
The mechanism by which a TBI may influence the incidence of stroke is still vague. Yet, several possibilities could help explain the link between TBI and stroke. First, damage to the cerebrovascular system caused by a TBI might disturb blood supply to the brain and cause a stroke. Specifically, 
Chen et al Traumatic Brain Injury and Stroke
lack of blood flow caused by blockage (ischemic stroke) may stem from clot formation at the site of injury and other parts of the head, or may result from the loosening of clots from an atherosclerotic blood vessel with the sudden impact of TBI. Conversely, leakage of blood (hemorrhagic stroke) could be caused in part by bleeding from an artery after a TBI. 18, 26 Our study indeed identified risks of hemorrhagic stroke that increase considerably more among patients with TBI. Patients with blunt trauma may further suffer from blunt cerebrovascular injuries, a potentially devastating injury with subsequent stroke rates up to 50%. 27 Moreover, increase in intracranial pressure and blood pressure commonly observed among patients with TBI may lead to subsequent risk of stroke. 28, 29 Finally, antipsychotic drugs used to treat patients with TBI might contribute to greater stroke incidence. 30 Patients with TBI may display aggressive behavior or other psychiatric symptoms that demand prescription medication. However, cumulative evidence has revealed that antipsychotic drugs increase the risk of stroke, especially the atypical drugs. 31, 32 We also found that in addition to increased risk of stroke, patients with TBI were slightly more likely to be diagnosed with traditional stroke risk factors within 6 months before or after the TBI incident, compared with unaffected individuals. These stroke risk factors include hypertension, diabetes mellitus, cardiovascular disease (coronary heart disease, cardiac failure), and atrial fibrillation. 29, 33 It is possible that patients with TBI receive more medical care afterward and thus, additional diseases are more likely to be identified. In contrast, TBI might be related to certain types of morbidity (eg, hypertension 34 ). Accordingly, select comorbid diseases were considered and adjusted for in the regression analyses in our study to evaluate better the association between TBI and stroke.
TBI and stroke are both issues of momentous concern, because large numbers of people sustain such insults and require extensive rehabilitation in the acute and chronic stages of recovery. Our findings thus have important clinical implications in the management of patients with TBI. More intensive medical monitoring, support, and intervention are TBI indicates traumatic brain injury; HR, hazard ratio; HR, hazard ratio; CI, confidence interval. *PϽ0.001. Hazard ratio was calculated by using stratified Cox proportional regression (stratified on sex age group and the year of index healthcare use) with cases censored if individuals died from non-stroke causes during the 3-month, 1-year, or 5-year follow-up period. Adjustments were made for patient's monthly income, geographic region, and select comorbidities (hypertension diabetes coronary heart disease heart failure atrial fibrillation and hyperlipidemia). required following a TBI, especially during the first few months or years, as the risk of stroke decreases gradually after TBI, from 3 months post-trauma (almost 10 times the normal risk) to 5 years (about twice the risk). In an acute stroke situation, prompt recognition of symptoms and timely medical attention within the first hours of onset are essential. Favorable outcomes were identified among patients who began appropriate treatment (eg, tissue-type plasminogen activator for the treatment of acute ischemic stroke) within 3 hours of stroke symptom onset. 35 However, lack of awareness or recognition of initial stroke symptoms caused delayed arrival at medical centers, with only a few patients receiving prompt medical care. 36, 37 Thus, there is need for health education and intervention to increase family awareness of factors involved in stroke and early signs/symptoms of stroke in patients with TBIs. 38 The treating medical team should also be aware of the need to provide early neuroimaging examination (such as magnetic resonance imaging) for suspected stroke patients, particularly those with a history of TBI.
There are 2 main strengths of this study. First, our findings are the results from a nationwide, population-based, casecohort study, which met the criteria for sound epidemiological study to investigate properly the association between TBI and stroke. Second, selection and nonresponse biases may have been minimized by the comprehensive coverage of the NHI system and the large sample size.
However, 4 caveats deserve attention. First, the NHI database only includes patients who sought treatment for TBI and stroke. Nevertheless, both TBI and stroke, especially moderate-to-severe cases, are medical conditions that require prompt medical treatment and management. The NHI system has contracts with an extensive network of health care institutions distributed well throughout the country. Easy access to medical services (emergency/outpatient/hospitalization) and very low out-of-pocket payments decrease the possibility that TBI and stroke cases, particularly ones of moderate-to-severe degree, would be left unattended. Second, issues on potential lost to follow-up should be of concern. Nevertheless, the NHI program is a nationwide system covering about 99% of Taiwan's population. Internal migration of the insured should not be a problem in our study. A small proportion of the insured may move out of the country during the follow-up period; however many return for health care services because of Taiwan's low copayment and medical expenses.
Third, the NHI claims data set does not include important parameters indicating clinical severity and imaging information on TBI and stroke. Lack of external causes of TBI (eg, motor vehicle crashes, falls, violence) restricted us from additional subgroup analysis. Finally, important variables that might affect the risk of stroke were unavailable in our administrative claims data set, including body mass index, diet, physical activity level, smoking, and alcohol consumption.
Conclusions
This is the first evidence-based finding to suggest an increased risk of stroke among individuals who have suffered a TBI indicates traumatic brain injury; HR, hazard ratio; CI, confidence interval. *PϽ0.001. Hazard ratio was calculated by using stratified Cox proportional regression (stratified on sex age group and the year of index health care use) with cases censored if individuals died from non-stroke causes during the 3-month, 1-year, or 5-year follow-up period. Adjustments were made for patient's monthly income, geographic region, and select comorbidities (hypertension diabetes coronary heart disease heart failure atrial fibrillation and hyperlipidemia).
TBI.
A coordinated and systematic approach should be adopted to prevent patients with TBI from subsequent stroke and to optimize outcomes. Future studies are needed to elucidate the mechanisms by which TBI is associated with stroke. To provide additional insight into the link between TBI and stroke, effects of severity, subtypes, and external causes of TBI on subsequent risk of stroke or type of stroke should be examined. TBI indicates traumatic brain injury; HR, hazard ratio; CI, confidence interval. *PϽ0.001. Hazard ratio was calculated by using stratified Cox proportional regression (stratified on sex age group and the year of index health care use) with cases censored if individuals died from non-stroke causes during the 5-year follow-up period. Adjustments were made for patient's monthly income, geographic region, and select comorbidities (hypertension diabetes coronary heart disease heart failure atrial fibrillation and hyperlipidemia).
